A 35-year-old man presented with acute onset of bilateral lower extremity weakness after ingesting a large amount of carbohydrates. Laboratory investigation revealed severe hypokalemia (1.9 mEq/1) and hyperthyroidism. The patient also exhibited primary aldosteronism due to a left adrenal adenoma. As a diagnostic tool, paralysis with hypokalemia (2.8 mEq/1) was induced with a glucose infusion. After treatment with methimazole, there were no further episodes of paralysis and subsequent induction of paralysis with glucose was impossible, though primary aldosteronism persisted. These findings indicate that hyperthyroidism played a major role in the development of periodic paralysis, while primary aldosteronism apparently increased the patient's vulnerability to paralytic attacks.
Periodic hypokalemic paralysis is not a rare complication of thyrotoxicosis in Asia. Hypersecretion of aldosterone has been suggested to be an underlying mechanism. In hyperthyroidism, volume depletion and hyperfunction of the sympathetic nervous system stimulate the renin-angiotensin system, which in turn increases aldosterone secretion and results in potassium depletion (1, 2) .
Here, we report a case of periodic thyrotoxic paralysis in which primary aldosteronism, due to an aldosterone producing adenoma, preceeded the occurrence of thyrotoxicosis.
The attacks of paralysis subsided following treatment of the hyperthyroidism. The association of primary aldosteronism with thyrotoxicosis is very rare but it is important to elucidate the significance of potassium deficiency as an underlying mechanismin thyrotoxic paralysis.
CASE REPORT
A 35-year-old man visited a local physician in May1986 with an acute onset of bilateral lower extremity weakness and myalgia. The previous evening he had ingested a large amount of carbohydrates. On awakening in the morning, he was unable to walk. Blood chemistry tests showed severe hypokalemia (1.9 mEq/1). He was treated with intravenous potassium chloride and the paresis gradually resolved. He repeatedly experienced similar episodes after ingesting midnight snacks and was admitted to our hospital on Oct. 10, 1986 . Past history disclosed hypertension of 150/1 10 mmHgwith a duration of at least 2 yr, severe weight loss (18 kg) and excessive sweating over the past 3 months. He was not taking diuretics or other medication. There was no family history of thyroid or neurologic disease. thyroxine (T^13.4 /zg/dl (N 4.5 to 13.0), free-T4 2.48 ng/dl (N 0.78 to 2.12) and thyroid stimulating hormone (TSH) 0.01^U/ml (N 0.34 to 3.5). 123I-thyroid scintigraphy showed a diffuse uptake in an enlarged thyroid gland (Fig. 1 ). The 24-h radioactive iodine uptake was 77% (N 15 to 45%), indicating primary hyperthyroidism.
Primary aldosteronism was also suspected due to a suppressed plasma renin activity of 0.29 ng/ml/h (N 0.5 to 2.0) and a high plasma aldosterone concentration (PAC) of 282 pg/ml (N 47 to 131). A left adrenal mass was confirmed by computerized tomography (Fig. 2) . Adrenal scintigraphy showed a high uptake of 131I-aldosterol in the mass.
Adrenal venography revealed a round tumor with He was diagnosed as having primary aldosteronism due to a left adrenal adenoma. After admission the patient had episodes of hypokalemic paralysis. Induction of paralysis with glucose infusion (300 ml of 50% glucose for 1 h) was attempted. Grasping power began to decrease gradually with the decrease of the serum potassium level at the end of the first hour of the glucose infusion. Paralysis with hypokalemia (2.8 mEq/1) occurred in the fourth hour and then slowly returned to the basal level (Fig. 4) . Thyroid function was normalized forty days after the oral administration of an antithyroid drug (methimazole, 40 mg/day). The patient experienced no further attacks of paralysis even though primary aldosteronism persisted. No paralysis was induced on a subsequent attempt with the samemaneuver.Grasping power was relatively unchanged, and paralysis was no longer induced even when a high PACand hypokalemia was present (2.9 mEq/1 at 4th h) (Fig. 4) . After control of the serum potassium level and blood pressure was obtained by oral administration of potassium chloride and spironolactone, the left adrenal tumor normal serum potassium level of 4.2 mEq/1 and a blood pressure of 1 10/60 mmHg. The patient is now taking only methimazole (5 mg/day).
DISCUSSION
Hyperthyroidism and primary aldosteronism are both commoncauses of periodic hypokalemic paralysis. The incidence of periodic paralysis in Japan ranges from 1.9% to 6.2% in patients with hyperthyroidism (3, 4) and 20.4% in patients with primary aldosteronism (5). The present case was very unusual in that hyperthyroidism and primary aldosteronism occurred simultaneously. It is important, in such a case, with respect to pathophysiologic mechanisms, to determine which disease is of primary importance in precipitating the hypokalemic periodic paralysis. This patient had developed diastolic hypertension two yr before the initial paralytic attack. It is therefore probable that the primary aldosteronism preceeded the occurrence of hyperthyroidism. However, the attacks of periodic paralysis in this patient approximately coincided with the onset of hyperthyroidism. Once euthyroidism wasestablished, the attacks no longer occurred, indicating that paralysis was dependent on the thyrotoxic state.
To identify the mechanism of hypokalemic paralysis, we attempted to induce it by the standard provocative maneuver, both before and after methimazole treatment. In a hyperthyroidic state, induction of paralysis was successful with a glucose infusion. However,once euthyroidism was established, paralysis could not be induced. Before the start of methimazole treatment, serial measurements of the change in grasping power corresponded roughly with the change in the serum potassium level. Whena euthyroid state was achieved, even in the presence of primary aldosteronism, a glucose load failed to decrease grasping power although it decreased the serum potassium level to the extent similar to that observed in a hyperthyroid state. These findings suggest that prolonged potassium depletion or hypokalemia per se, caused by primary aldosteronism, were not sufficient to induce paralysis in this case. The metabolic consequences of thyrotoxicosis in combination with the above, prepared the muscle to become susceptible periodic paralysis.
Regarding the occurrence of paralytic attacks, prior studies of thyrotoxic periodic paralysis support the hypothesis that extracellular fluid with potassium rapidly enters into muscle cells, depleting extracellular potassium and resulting in a relative decrease of the intracellular potassium level and a failure of depolarization (6, 7) . The exact mechanism of this shift is not known, but the direct effect of thyroid hormonein stimulating membraneNa-K-ATPase activity (8, 9) , and/or the indirect effect of thyroid hormone in stimulating insulin hypersecretion (10), may be involved in the intracellular potassium shift. Additionally, since thyroid hormoneincreases the sensitivity of beta-receptors, thereby augmenting catecholamine-mediated cellular potassium uptake , it may also be a cause of thyrotoxic paralysis (ll, 12) . In our case, even though changes in intracellular potassium levels were not investigated, repeated episodes of hypokalemic paralysis after the ingestion of midnight snacks and a persistent increase of insulin after glucose infusion might support the insulin hypersecretion theory.
In in vitro studies of thyrotoxic rats fed a potassium depleted diet, Shishiba et al (13) , showed that insulin causes an abrupt decrease in muscle membranepotential. In muscle from thyrotoxic animals fed a diet containing normal amounts of potassium, the same maneuver failed to induce depression of the membrane potential (13 A similar patient whopresented with a paralysis attack complicated with both primary aldosteronism and thyrotoxicosis was reported by Hamaguchiet al (15). In that case, the paralysis attack was obviously due to primary aldosteronism as the paralysis attack continued after a euthyroid state was established. Serum enzymes including CPK, GOT, GPT and LDH, which are considered to originate from muscle tissue, were markedly elevated during paralysis and returned to normal levels with the complete disappearance of paralysis after potassium administration. They speculated that continuous hypersecretion of aldosterone from the tumor increased renal distal tubular reabsorption of intratubular sodium and secretion of both potassium and hydrogen ions, with a progressive depletion of body potassium, inducing muscle necrosis and hypokalemic myopathy. This mayexplain the paralysis attacks caused by primary aldosteronism. In contrast, the present case exhibited normal serum levels of muscle originating enzymes during the paralysis attack. In addition, the physical examination did not support muscle necrosis or myopathy.In the present case, if the body potassium depletion had been marked as in the case of Hamaguchi et al (15), primary aldosteronism might have played the primary role in the development of periodic paralysis.
In conclusion, both thyroid and adrenal function should be comprehensively investigated in periodic paralysis, since cases such as the one reported here mayoccasionally be seen.
